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Abstract- Artificial Intelligence (AI) is increasingly being integrated into pharmaceutical development, 

particularly in the critical phases of preformulation and formulation studies. These stages are essential for 

determining the optimal properties and stability of drug products, as well as for ensuring their safety and efficacy. 

AI, encompassing techniques such as machine learning (ML), deep learning (DL), and natural language 

processing (NLP), is transforming traditional approaches in drug development. In preformulation, AI is applied 

to predict the physicochemical properties of drug candidates, such as solubility, permeability, polymorph 

stability, and shelf-life. In formulation development, AI aids in optimizing drug formulations, enhancing the 

efficiency of quality by design (QbD) strategies, and predicting drug release profiles. Furthermore, AI models 

are being used to guide the selection of excipients and improve process monitoring through real-time data 

analysis. While these applications show significant promise, challenges remain, including data quality, model 

interpretability, and the integration of AI with conventional formulation techniques.  

Index words: AI, Preformulation, Formulation Studies, Machine Learning, Drug Development, Predictive 

Modeling, Polymorphism, Drug Release, Quality by Design (QbD), etc. 

 

INTRODUCTION- 

Preformulation refers to the early phase of drug development, where the physicochemical properties of a 

drug candidate—such as solubility, stability, and bioavailability—are studied to determine how best to develop 

a suitable dosage form. It includes a comprehensive assessment of the compound's characteristics, such as pH 

stability, polymorphism, dissolution behavior, and compatibility with excipients. The formulation phase follows 

preformulation and involves determining the optimal combination of active pharmaceutical ingredients (APIs) 

and excipients to create a drug product that meets the desired release profile, stability, and bioavailability. [1] 

AI in Preformulation Studies- 

In preformulation, AI primarily supports the prediction and characterization of key physicochemical 

properties of drug candidates, which are critical for the successful formulation of a drug product. These AI 

systems can process vast quantities of molecular and experimental data to offer more accurate predictions and 

suggest optimal conditions for preformulation studies. AI also plays a vital role in polymorph prediction, where 

it is used to forecast the formation of different crystalline structures of a drug, which can significantly affect the 
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solubility and bioavailability of the drug.  

Polymorphic forms can vary in terms of their stability, dissolution rate, and how they are processed by 

the body. AI systems that analyse molecular structures and their interactions can help identify the most stable 

polymorph for further development, avoiding costly and time-consuming experimental trials. Furthermore, AI 

models have been successfully employed to predict the stability of drug formulations under various 

environmental conditions (e.g., temperature, humidity, light), which is essential for determining the shelf-life 

and storage requirements. [2] 

Role of Artificial Intelligence in Preformulation Studies- 

1. Prediction of Physicochemical Properties- One of the primary objectives of preformulation is the 

assessment of the API's physicochemical properties, including solubility, permeability, pKa (dissociation 

constant), melting point, and stability. Traditionally, these properties were determined through time-

consuming and resource-intensive experimental methods. However, AI, particularly machine learning 

(ML) models, has revolutionized this process by providing more efficient and accurate predictions. 

2. Polymorphism Prediction and Optimization- Polymorphs refer to different crystalline forms of the 

same drug molecule, and their discovery is a critical step in preformulation. Polymorphs can exhibit 

varying solubility, bioavailability, and stability characteristics. Identifying the most stable polymorph with 

the desired dissolution rate can significantly improve a drug's pharmacokinetic properties. Artificial neural 

networks (ANNs), a type of deep learning model, have been employed to predict the thermodynamic 

properties and stability of various polymorphs of an API. 

3. Stability Prediction and Shelf-life Estimation- The stability of a drug under different environmental 

conditions (e.g., temperature, humidity, light) is a fundamental aspect of preformulation studies, as it 

impacts the drug's shelf life and long-term efficacy. Traditionally, stability testing is performed through 

accelerated degradation studies and real-time monitoring, but AI has the potential to improve this process. 

Machine learning models are now being employed to predict the chemical stability of drugs by analyzing 

data from stability tests and identifying patterns that affect degradation rates. 

4. Excipient-API Compatibility Prediction- In preformulation studies, it is crucial to evaluate the 

compatibility of the API with various excipients, as interactions between the two could affect the drug’s 

stability, solubility, and bioavailability. Traditionally, excipient compatibility studies were performed 

using in vitro testing to assess chemical and physical interactions between the API and excipients. With 

AI, predictive modeling has enabled researchers to simulate these interactions using computational 

approaches, reducing the need for extensive lab testing. 

5. Optimization of Formulation Conditions- AI models also play a critical role in optimizing formulation 

conditions, particularly when developing complex drug delivery systems. Through the application of 

Quality by Design (QbD) principles, AI can help determine the optimal concentrations of excipients, the 

pH levels, and other formulation variables that affect drug stability and release profiles. [3] 

 

 



ISSN:2455-2631                                                                                         November 2025 IJSDR | Volume 10 Issue 11 

IJSDR2511011 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org a85 
 

AI in Formulation Studies 

The formulation phase is where AI’s impact is increasingly being recognized. AI-driven tools are used 

to optimize drug formulation by analysing interactions between APIs and excipients, ensuring that the 

formulation achieves desired characteristics such as bioavailability, stability, and drug release kinetics. For 

instance, AI techniques such as genetic algorithms and artificial neural networks (ANNs). Additionally, AI plays 

a critical role in Quality by Design (QbD), a modern approach in pharmaceutical development that focuses on 

designing drugs with built-in quality from the outset. AI models, in combination with process analytical 

technologies (PAT). [4] 

Key Role of Artificial Intelligence in formulation Development- 

1. Optimizing Excipients Selection- One of the key challenges in formulation development is selecting 

the right excipients that will ensure the API is stable, bioavailable and effective. Excipients can influence 

the physical and chemical properties of the formulation, such as dissolution rate, stability, and drug 

release profiles. The selection of excipients traditionally required extensive empirical testing and 

compatibility studies, which were both time-consuming and costly. 

2. Predicting Drug Release Profiles- Drug release profiles are crucial to ensuring the API is delivered at 

the correct rate and reaches therapeutic levels in the bloodstream. Traditionally, predicting drug release 

required significant experimental work, including in vitro dissolution testing and pharmacokinetic 

studies. However, AI can streamline this process by utilizing machine learning algorithms to predict how 

different formulation variables (e.g., excipient type, concentration, and manufacturing processes) will 

affect the drug's release profile. 

3. Personalized Formulation Development- AI also plays a significant role in the emerging field of 

personalized medicine. Personalized formulations are designed to meet the unique needs of individual 

patients, particularly for drugs with narrow therapeutic windows or those requiring specific drug release 

profiles. AI enables the customization of drug formulations by analyzing patient-specific data, including 

genetic information, disease biomarkers, and responses to treatment. Deep learning and predictive 

modeling techniques can analyze patient data and predict how a patient might respond to different 

formulations. By incorporating factors such as age, gender, genetics, and other variables, AI can help 

develop personalized drug delivery systems that optimize drug efficacy and minimize side effects. This 

is particularly useful in the development of formulations for biologics and targeted therapies, where 

personalized dosing and delivery methods are critical. 

4. Optimization of Manufacturing Processes- AI is also making a significant impact on the optimization 

of pharmaceutical manufacturing processes during formulation development. Process Analytical 

Technology (PAT) tools are increasingly integrated with AI to monitor and control the manufacturing 

process in real-time. This enables the identification and correction of process deviations, ensuring that 

the formulation is produced consistently and meets quality standards. 

5. Improving Product Stability and Shelf-life- Stability is a critical concern in formulation development, 

as the shelf life and long-term efficacy of a drug depend on its stability under various conditions. 
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Traditionally, stability studies are conducted under accelerated conditions (e.g., elevated temperature and 

humidity) to predict the shelf life of the drug. However, AI-based predictive modeling offers a more 

efficient way to estimate drug stability and shelf life by analyzing historical stability data, environmental 

factors, and formulation parameters. [5] 

Challenges and Future Directions- 

1. Data Quality: AI models require high-quality, curated datasets to provide accurate predictions. 

Incomplete, noisy, or biased data can undermine the effectiveness of AI applications, leading to 

unreliable outcomes. 

2. Model Interpretability: Many AI algorithms, particularly deep learning models, operate as "black 

boxes," meaning that their decision-making processes are not always transparent. This lack of 

interpretability can be a barrier to their acceptance in regulated industries like pharmaceuticals, where 

understanding the rationale behind predictions is essential for validation and regulatory approval. 

3. Integration with Traditional Approaches: While AI holds significant promise, it must be integrated 

with traditional experimental approaches to ensure robust and reliable results. AI should complement, 

rather than replace, conventional techniques to provide a more comprehensive understanding of drug 

properties and behavior. 

4. Regulatory Acceptance: As AI becomes more widely used in drug development, regulatory agencies 

will need to adapt their guidelines to accommodate the use of AI-based models, particularly in the context 

of drug safety and efficacy testing. [6] 

Machine Learning in Drug Release and Delivery- 

The design and optimization of drug release and delivery systems are critical components in 

pharmaceutical formulation, ensuring that a drug is released at the right time, at the right site, and in the 

appropriate amount to achieve therapeutic efficacy. Traditionally, designing drug delivery systems relied heavily 

on empirical knowledge, experimental testing, and trial-and-error approaches. However, the integration of 

Machine Learning (ML) into the drug release and delivery process is revolutionizing pharmaceutical 

development by enabling more efficient, data-driven, and predictive strategies. 

Machine learning, a subset of Artificial Intelligence (AI), uses algorithms that learn from large datasets 

to identify patterns and make predictions. In the context of drug release and delivery, ML models are helping 

optimize drug formulations, predict release profiles, design targeted delivery systems, and improve therapeutic 

outcomes. These advancements not only reduce development time and costs but also enhance the precision of 

drug delivery systems, ensuring better patient outcomes. [7] 

Key Roles of Machine Learning in Drug Release and Delivery- 

1. Predicting Drug Release Profiles- One of the most crucial aspects of drug formulation is predicting the 

drug release profile—how the active pharmaceutical ingredient (API) is released from the formulation 
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over time. This is particularly important for controlled-release (CR) and sustained-release (SR) drug 

delivery systems, where the goal is to maintain a consistent concentration of the drug in the bloodstream 

over an extended period. Support Vector Machines (SVM), Random Forests, and Neural Networks (NN) 

are commonly used machine learning techniques for modeling the release profiles of drugs. These 

algorithms can predict how changes in formulation variables will affect the drug’s dissolution rate and 

release pattern, thus allowing for the optimization of release profiles without the need for extensive trial-

and-error testing 

2. Design of Targeted Drug Delivery Systems- The ability to design targeted drug delivery systems is one 

of the most exciting applications of machine learning in the pharmaceutical industry. Targeted drug 

delivery aims to deliver the drug directly to the site of action, minimizing side effects and improving 

therapeutic efficacy. Machine learning can help optimize the design of these systems by analyzing 

patient-specific data and drug characteristics to identify the most suitable delivery method. Moreover, 

deep learning (DL) models can analyze complex biological data (e.g., biomarker profiles, genetic data) 

to design drug delivery systems tailored to specific patient populations or disease conditions. This can be 

particularly useful for developing personalized drug delivery systems that are customized to individual 

patient needs. 

3. Improving Bioavailability and Solubility Prediction- A major challenge in drug delivery is the 

bioavailability and solubility of drugs, especially for poorly soluble compounds. Drugs that are poorly 

soluble in water tend to have low bioavailability, leading to less effective treatment. Machine learning 

can help overcome this challenge by predicting the solubility and bioavailability of compounds early in 

the development process. ML algorithms can be used to predict solubility based on the molecular 

structure of the drug, identifying key structural features that affect its solubility. These models can 

analyze large datasets of known drugs and predict how changes to the molecular structure (e.g., functional 

groups or hydrophobicity) will impact solubility. Similarly, ML can predict the permeability of a drug 

across biological membranes, which is another key factor in bioavailability. 

4. Personalized Drug Delivery and Precision Medicine- In precision medicine, therapies are tailored to 

individual patients based on their genetic makeup, lifestyle, and disease profile. Machine learning plays 

an essential role in personalizing drug delivery by analyzing patient data, including genomic information, 

biomarkers, and clinical data, to predict how an individual will respond to a particular drug or 

formulation. 

5. Real-Time Monitoring and Adaptive Drug Delivery Systems- Another significant application of 

machine learning is in the development of real-time monitoring systems for drug delivery. These systems 

can track the release kinetics of the drug in real-time and adjust the delivery rate or formulation 

accordingly to maintain therapeutic levels. For example, in implantable drug delivery devices or smart 

drug delivery systems, machine learning algorithms can analyze data from sensors to predict the drug's 

release profile and adjust the system to release more or less drug as needed. The integration of feedback 

control with real-time monitoring is particularly useful in chronic disease management, where patients 

need consistent and precise dosing over long periods. [8] 
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AI in Excipients Selection and Interaction Analysis-  

The selection and optimization of excipients is a pivotal step in pharmaceutical formulation development, 

as excipients are the non-active ingredients that aid in the formulation, stability, bioavailability, and patient 

acceptance of drug products. These excipients can include substances like binders, fillers, stabilizers, 

preservatives, and surfactants, which play crucial roles in ensuring the drug’s stability, solubility, and controlled 

release. However, the process of selecting appropriate excipients and understanding their interactions with the 

active pharmaceutical ingredient (API) can be complex and time-consuming. [9] 

Key Roles of AI in Excipients Selection and Interaction Analysis- 

1. Predicting Excipient-Drug Compatibility- One of the primary challenges in formulation development is 

determining which excipients will be compatible with the active pharmaceutical ingredient (API) without 

causing degradation, instability, or reducing bioavailability. Historically, this has involved extensive in vitro and 

in vivo testing, which can be time-consuming and costly. AI, particularly machine learning models, can assist in 

predicting excipient-drug compatibility by analyzing large datasets that include the chemical structures of drugs 

and excipients, along with their known interactions. Using techniques such as regression analysis, support vector 

machines (SVM), and neural networks, AI models can forecast how different excipients might affect the stability, 

solubility, and release profiles of drugs. 

2. Identifying Excipients for Specific Formulation Purposes- Each pharmaceutical formulation has different 

requirements, such as improving drug solubility, enhancing bioavailability, ensuring stability, or providing 

controlled drug release. AI models, especially those based on deep learning (DL), can assist in identifying 

excipients that best fulfill these specific objectives by analyzing a combination of factors like the excipient's 

chemical structure, functional properties, and known applications. solubility enhancers or stabilizing agents may 

be required for drugs with poor solubility or those prone to degradation. AI can identify excipients that have 

similar functional groups and are known to enhance solubility or provide stability. 

3. Predicting Excipients for Targeted Drug Delivery- AI is increasingly being used to identify excipients that 

can aid in the development of targeted drug delivery systems (TDDS). In such systems, excipients are chosen 

not only for their ability to support the stability and release of the API but also for their potential to assist in 

targeting the drug to specific tissues or organs. This is especially important in the formulation of biologics, 

nanomedicines, and liposomal formulations, where excipients play a critical role in targeting and drug release. 

4. Modeling Excipients’ Impact on Drug Stability and Shelf Life- Stability is a critical parameter in 

pharmaceutical formulations, as the degradation of the drug can compromise both its efficacy and safety. 

Excipients can significantly impact the stability of the API, influencing factors such as oxidation, hydrolysis, or 

crystallization. Traditional methods for predicting stability involve accelerated stability testing, which can take 

weeks or months. However, AI offers a more efficient approach by analyzing the chemical structure of both 

excipients and APIs to predict how different excipients may influence the stability of the drug under various 

storage conditions. 
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5. AI-Driven Screening for Novel Excipients- Another exciting application of AI is in the discovery of novel 

excipients. Historically, the search for new excipients has been a slow process, relying on chemical synthesis, 

testing, and empirical evaluation. However, AI-driven platforms can now analyze large chemical libraries and 

predict new excipients with desired properties, such as biodegradability, low toxicity, or enhanced solubility 

properties. [10] 

Process Analytical Technology (PAT) and AI in Pharmaceutical Manufacturing- 

Process Analytical Technology (PAT) refers to a system for designing, analyzing, and controlling 

pharmaceutical manufacturing processes through real-time measurements of critical process parameters (CPPs) 

and critical quality attributes (CQAs). PAT aims to ensure the consistent quality of pharmaceutical products by 

integrating process control with real-time data analysis. The implementation of PAT can significantly enhance 

the efficiency, reproducibility, and safety of manufacturing processes, providing a more proactive approach to 

quality assurance. 

The integration of Artificial Intelligence (AI) with PAT has become increasingly significant. AI offers 

robust capabilities for analyzing large, complex datasets generated during the manufacturing process, enabling 

real-time optimization, predictive analysis, and automation. By combining machine learning (ML), deep learning 

(DL), and data mining techniques with PAT tools, AI can provide deeper insights into process behavior, predict 

potential issues, and optimize the entire manufacturing process, from raw material quality to final product testing. 

[11] 

Key Roles of AI in PAT Implementation- 

1. Real-Time Monitoring and Control- The quality of the final product is often confirmed after the 

production process is complete through extensive quality control (QC) testing. However, with PAT 

combined with AI, real-time monitoring of process parameters and product quality is possible. Sensors 

and analytical instruments integrated with PAT systems continuously collect data on temperature, 

pressure, flow rates, humidity, and chemical composition, among other variables. AI tools such as 

machine learning algorithms can then analyze this data in real-time to predict how changes in process 

conditions impact the quality of the product. 

2. Process Optimization and Predictive Modeling-  AI models can predict the outcomes of different 

process conditions, allowing formulators to identify the most efficient process parameters for achieving 

the desired product quality with minimal resource usage. Predictive models based on machine learning 

(ML) algorithms such as random forests and regression models can be used to optimize the formulation 

process, mixing times, temperature profiles, and other critical process variables. By analyzing vast 

amounts of data, AI models can identify the optimal operating ranges for different parameters and predict 

the impact of adjustments on the product’s CQAs. 

3. Fault Detection and Root Cause Analysis- Another key advantage of integrating AI with PAT is the 

ability to detect faults or deviations in the process early and identify the underlying causes. Fault detection 
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is essential in pharmaceutical manufacturing, where even small deviations in process parameters can lead 

to product quality issues. AI-based systems, particularly those using unsupervised learning algorithms, 

can identify anomalies or unexpected patterns in real-time process data. 

4. Enhanced Data Analysis and Integration- The integration of AI into PAT systems significantly 

enhances data analysis capabilities. Pharmaceutical manufacturing processes generate large volumes of 

data from various sources, including sensors, batch records, laboratory analysis, and environmental 

monitoring systems. AI techniques, such as data mining, deep learning, and natural language processing 

(NLP), can be used to analyze this data, identify hidden correlations, and generate actionable insights 

that would be difficult or impossible to uncover manually. 

5. Continuous Manufacturing and Real-Time Release Testing (RTRT)- AI, when combined with PAT, 

can play a significant role in the development of continuous manufacturing (CM) processes and real-time 

release testing (RTRT). CM allows for the uninterrupted production of drug products, which can enhance 

efficiency, reduce costs, and improve consistency compared to traditional batch manufacturing. In 

continuous manufacturing, PAT tools continuously monitor critical parameters, while AI models help 

optimize the process by predicting future states based on real-time data. In the context of RTRT, AI 

models can be used to predict the final product’s quality attributes (such as content uniformity, dissolution 

rate, and potency) based on real-time process data, allowing for the real-time release of the product 

without the need for extensive post-production testing. [12] 

Future Directions and Opportunities in AI for Pharmaceutical Development- 

The application of Artificial Intelligence (AI) in pharmaceutical development is still in its early stages, but 

its potential to revolutionize various aspects of drug discovery, formulation, manufacturing, and clinical trials is 

enormous. Looking ahead, there are several exciting directions for AI in the pharmaceutical industry, driven by 

advancements in machine learning (ML), data science, biotechnology, and regulatory frameworks. These 

advancements will likely foster new opportunities to improve efficiency, reduce costs, and ultimately bring better 

therapies to market faster and with higher precision. [13] 

1. Personalized Medicine and AI-Driven Precision Drug Design 

Opportunity- 

AI is set to play a transformative role in the field of personalized medicine. By analyzing vast amounts 

of genomic, clinical, and environmental data, AI can enable the development of precision therapies tailored to 

an individual's unique genetic makeup, lifestyle, and health history. The ability to predict individual responses 

to treatments, identify biomarkers for disease, and optimize drug formulations for specific patient groups could 

significantly improve treatment outcomes and reduce adverse effects. [14] 
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Future Directions- 

 AI in genomics and transcriptomics: AI can help analyze genomic data to uncover novel biomarkers or 

targeted therapies based on a person’s genetic predispositions. This can drive the development of 

biomarker-driven clinical trials where AI models predict how specific genetic alterations affect drug 

responses. 

 Drug repurposing: AI models can accelerate drug repurposing, identifying existing drugs that may be 

effective for new indications based on patients' genetic profiles. 

 AI-driven drug discovery platforms: Platforms using AI for molecular simulations, protein folding, and 

compound screening will continue to evolve, potentially leading to the discovery of more effective and 

targeted drugs. [15] 

2. AI-Enhanced Drug Formulation and Delivery Systems 

Opportunity- 

AI holds significant promise in optimizing drug formulation and delivery systems. The development of 

new drug delivery technologies, such as nanoparticles, liposomes, and biodegradable polymers, can benefit from 

AI through predictive modeling and simulation. AI can help optimize drug stability, bioavailability, and release 

profiles, as well as enhance the efficiency of delivery to target tissues or cells. [16] 

Future Directions- 

 AI in formulation optimization: AI can optimize drug formulations by predicting the most effective 

excipients and identifying potential stability issues early in the process. ML models could streamline 

solid-state characterization, such as predicting the crystallization behavior of drugs or selecting the best 

polymorph for drug delivery. 

 Smart delivery systems: AI can aid in the design of smart drug delivery systems that respond dynamically 

to patient needs, such as systems that release drugs in response to biomarker levels or environmental 

conditions (e.g., pH, temperature). [17] 

3. AI in Clinical Trials: Recruitment, Monitoring, and Outcome Prediction 

Opportunity- 

AI is poised to address key challenges in clinical trials, such as patient recruitment, monitoring, and 

predicting clinical outcomes. AI can enhance trial design, reduce patient dropout rates, and accelerate trial 

timelines by leveraging real-world data (RWD) and real-world evidence (RWE). Predictive models could help 

identify the right patient population based on medical history, genetics, and lifestyle factors, making trials more 

efficient and cost-effective. [18] 

 



ISSN:2455-2631                                                                                         November 2025 IJSDR | Volume 10 Issue 11 

IJSDR2511011 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org a92 
 

Future Directions- 

 Patient recruitment: AI models can match patients with clinical trials based on their electronic health 

records (EHR), reducing the time and cost of recruitment. Algorithms can identify patients with the 

appropriate genetic markers or disease profiles for trials. 

 Predictive biomarkers: AI could be used to identify early biomarkers of clinical response, predicting 

which patients are most likely to benefit from a given treatment. This could reduce trial failure rates and 

help design adaptive clinical trials. 

 Digital monitoring: The use of wearables and mobile health apps integrated with AI can provide 

continuous monitoring of patients in clinical trials. This allows for real-time tracking of patient health, 

improving trial safety and providing insights into treatment efficacy. [19] 

4. AI for Drug Safety and Pharmacovigilance 

Opportunity- 

AI's ability to process large datasets makes it particularly valuable in the field of pharmacovigilance and 

drug safety monitoring. AI models can analyze vast amounts of post-market data, including patient reports, 

clinical records, and social media, to identify adverse drug reactions (ADRs) and predict long-term side effects. 

By predicting these reactions earlier in the drug lifecycle, AI can help minimize risks and ensure patient safety. 

[20] 

Future Directions- 

 AI for ADR detection: ML algorithms can mine healthcare databases to identify signals of adverse 

reactions, especially rare ones that are difficult to detect through traditional clinical trials. 

 Risk prediction: AI can help predict which patients are more susceptible to adverse effects based on 

genomic data, lifestyle, or comorbidities, enabling more effective risk stratification and personalized 

prescribing. 

 Real-time pharmacovigilance: The use of AI can enable real-time monitoring of drugs in the market, 

flagging potential safety concerns based on evolving patient data. [21] 

CONCLUSION- 

The integration of Artificial Intelligence (AI) into pharmaceutical development is an exciting and 

transformative advancement with the potential to revolutionize how drugs are discovered, formulated, 

manufactured, and delivered to patients. As we look to the future, AI is expected to play a critical role in various 

stages of pharmaceutical development, offering vast opportunities for personalized medicine, enhanced drug 

formulations, precision clinical trials, and improved drug safety. Additionally, AI’s potential to optimize 

manufacturing processes and streamline regulatory compliance opens the door to more efficient, cost-effective, 

and timely drug development. 
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